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QHZ KDUGZDUH LPSURYHPHQWV RI D 0XOWL2SWLFDO 7UDQVLWLRQ 5DGLDWLRQ 6\VWHP
LQVWDOOHG LQ WKH EHDP GLDJQRVWLFV VHFWLRQ RI WKH ([WUDFWLRQ (;7 OLQH RI$7)
FORVH WR WKH0XOWL:LUH6FDQQHU6\VWHP'HPLWWDQFHPHDVXUHPHQWVKDYHEHHQ
VXFFHVVIXOO\ GHPRQVWUDWHG DQG WKH V\VWHP LV EHLQJ URXWLQHO\ XVHG IRU FRXSOLQJ
FRUUHFWLRQ 5HDOLVWLF EHDP VLPXODWLRQV KDYH EHHQ PDGH DQG FRPSDUHG ZLWK
PHDVXUHPHQWV$'HPLWWDQFHSURFHGXUHLVEHLQJSUHSDUHGDQGVRPHSUHOLPLQDU\
PHDVXUHPHQWV KDYH EHHQ SHUIRUPHG $Q LPSURYHG RSWLFDO V\VWHP LQFOXGLQJ D
GHPDJQLILHUOHQVWRLPSURYHWKHEHDPILQGLQJSURFHGXUHLVEHLQJGHVLJQHGDQGZLOO
EHLQVWDOOHGGXULQJWKHDXWXPQRSHUDWLRQVSHULRG
$ V\VWHPDWLF PHDVXUHPHQW FDPSDLJQ ZLOO WDNH SODFH DIWHU UHFRYHU\ RI $7)
RSHUDWLRQV SRVW WKH  7RKRNX (DUWKTXDNH WKHQ D FRPSDULVRQ ZLWK ZLUH
VFDQQHUVFDQEHGRQH7KLVZLOOEHDGHILQLWLYHWHVWRIWKH275DVDEHDPHPLWWDQFH
GLDJQRVWLFGHYLFHZKLFKZLOOSURYLGHIDVWEHDPHPLWWDQFHPHDVXUHPHQWVZLWKKLJK
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 ,QWURGXFWLRQ
7KH GHWHUPLQDWLRQ DQG PRQLWRULQJ RI WKH WUDQVYHUVH SKDVH VSDFH DW $7) LV
FUXFLDOLQRUGHUWRPHHWWKHLUSHUIRUPDQFHVVSHFLILFDWLRQV6LQFHWKHEHDPVL]HVDW
WKH ,QWHUDFWLRQ 3RLQW ,3 GHSHQG VWURQJO\ RQ WKH DEHUUDWLRQV LQ WKH )LQDO )RFXV
6\VWHP))6DFFXUDWHPHDVXUHPHQWXSVWUHDPRIWKH))6LVUHTXLUHGWRWXQHWKH
EHDPVL]HVDWWKH,37KHEHDPVL]HVDUHPHDVXUHGLQVHYHUDOORFDWLRQVLQWKHEHDP







WKH/LQHDU&ROOLGHUV /& RU LQ WKH EHDP OLQHVKDYH WR EH SHUIRUPHG LQ D VLQJOH
SDVV7KLV UHTXLUHV WKDW WKHZLUH VFDQGHYLFH W\SHV ODVHURU VROLG VDPSOHDFURVV
VXFFHVVLYHEXQFKHVZLWKLQDWUDLQRIWHQZLWKDQRYHUHVWLPDWLRQRIWKHEHDPVL]H











7KH WUDQVSRUW EHDP OLQH IURP WKH'DPSLQJ5LQJ '5 WR WKH))6RI$7) LV
FDOOHGWKH(;7OLQH>@7KH$7)(;7OLQHLVGLYLGHGLQWKUHHUHJLRQVDVVKRZQ
LQ)LJXUH WKH ILUVWVHFWLRQRUH[WUDFWLRQSDUWVKDUHGZLWK WKH'5 WKHPDWFKLQJ
VHFWLRQ DQG WKH GLDJQRVWLF VHFWLRQ ,QVWUXPHQWDWLRQ HTXLSPHQW VXFK DV %XWWRQ
%HDP3RVLWLRQ0RQLWRUV%306WULSOLQH%30V%HDP&XUUHQW0RQLWRUV%&0
DQG ILODPHQW:LUH6FDQQHUV :6 IURP$7)DUH UHXVHG LQ WKHQHZ$7)(;7






2SWLFV VWXGLHV DQG WUDFNLQJ VLPXODWLRQV ZLWK 0$' SURJUDP >@ KDYH EHHQ
PDGH7KHEHDPVSRWVFDOFXODWHGIURPWKHRSWLFVDUHELJHQRXJKQRWWRGDPDJHWKH
WDUJHWDQGWKH\DUHFRPSDUDEOHWRWKHVHRQWKH:6&RPSDULVRQZLWKWKH:6EHDP
VSRW VL]HV DUH IRXQG LQ WDEOH  7KH LQSXW EHDP IRU WKH0$' VLPXODWLRQVZDV
 SDUWLFOHV ZLWK *DXVVLDQ GLVWULEXWLRQ LQ [ \ DQG HQHUJ\ DQG ZLWK HQHUJ\
VSUHDGRIîí
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WKHP LV VKRZQ LQ)LJXUH E7KH FRPPLVVLRQLQJ DQG VXFFHVVIXO WHVWLQJRI WKH




ZLUHV DFURVV WKH EHDP ZKLOH GHWHFWLQJ WKH &RPSWRQ VFDWWHUHG SKRWRQV LQ WKH
EDFNJURXQG GHWHFWRU RI WKH ,3 EHDP VL]H PRQLWRU 7KLV DOORZV WKH RSWLFDO 275
PHDVXUHPHQWV WR EH FRPSDUHG ZLWK D ZLUH PHDVXUHPHQW PDGH LQ WKH VDPH
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ORFDWLRQ 7KH WDUJHWV ZLWK WKH ZLUH V\VWHP DUH VKRZQ LQ )LJXUH  D 7KH
FDOLEUDWLRQV\VWHPQRZ LQFOXGHVD VPDOO ODPS WKDWFDQEH LQVHUWHG LQWR WKHEHDP
SLSHWRLOOXPLQDWHWKHWDUJHWZKHQWKHUHLVQREHDP7KLVSURYLGHVHQRXJKOLJKWRQ
WKHWDUJHWWRSHUIRUPDPRUHDFFXUDWHFDOLEUDWLRQRIWKHRSWLFDOV\VWHP
&XUUHQW RSHUDWLRQDO H[SHULHQFHZLWK WKH275V KDV LGHQWLILHG D QHHGHG RSWLFDO
FKDQJH WKDW LV LQ WKH SURFHVV RI EHLQJ LPSOHPHQWHG :LWK WKH FXUUHQW






IDOO  UXQQLQJ 7KLVZLOO UHGXFH WKHPDJQLILFDWLRQ D IDFWRURI HQVXULQJ WKH













































































2WKHU IXQFWLRQV WR EH LPSOHPHQWHG LQFOXGH DXWRPDWLF EHDP ILQGLQJ XVLQJ
LQIRUPDWLRQ IURP WKH VXUURXQGLQJ EHDP SRVLWLRQ PRQLWRU V\VWHPV DXWRPDWLF
FRXSOLQJFRUUHFWLRQDQGDQDXWRIRFXVPHFKDQLVP
 &DOLEUDWLRQDQG)LUVW0HDVXUHPHQWV
$ FDOLEUDWLRQ RI WKH SRVLWLRQLQJ V\VWHP IRU DOO 275 GHYLFHV ZDV PDGH LQ
'HFHPEHU7RFDOLEUDWHWKHVFDOHDQ275LVPRYHGLQRQHGLUHFWLRQDQGWKH
FHQWURLGSRVLWLRQYHUVXV WKHPRYHUSRVLWLRQFXUYH LV ILWWHG7RGHWHUPLQH WKH UROO
DOLJQPHQWRI WKH V\VWHP WKHEHDP LV VWHHUHG LQ RQHGLUHFWLRQXVLQJ DQXSVWUHDP
 A. Faus-Golfe et al. /  Physics Procedia  37 ( 2012 )  2072 – 2079 2077
FRUUHFWRU PDJQHW ZKLOVW UHFR
DOLJQV WKH 275 V\VWHP LQ WK
PDJQHWV2WKHU DFFHOHUDWRU FR
RUGLQDWHIUDPH7KHV\VWHPJ
WDUJHWV DUH FRUUHFWO\ DOLJQHG
VWDWLVWLFDOHUURULQOHVVWKDQDP
ZLWKWKHZLUHVLQVWDOOHGLQWKH
WKH QRPLQDO RQHV ZHUH REWD
PHDVXUHPHQW IOXFWXDWLRQ )LJ
275VZHUH XVHG GXULQJ$7)
FRXSOLQJ FRUUHFWLRQ )LJXUH 
FRUUHFWLRQ E\ FKDQJLQJ WKH V
DQGORRNLQJIRUWKHVHWWLQJLQH
5HDOLVWLF EHDP VLPXODWLRQV

















UGLQJ WKH FHQWURLG SRVLWLRQ LQ WKH RWKHU D[
H VDPH FRRUGLQDWH IUDPH DV WKDW RI WKH F
PSRQHQWV DUH VRDOLJQHG OHDGLQJ WR D FRP
LYHVDVLQJOHEXQFKVL]HIRUHDFK275DQG
 SURYLGHV DQ HPLWWDQFH PHDVXUHPHQW DORQJ
LQXWH7KHPHDVXUHGEHDPVL]HVZHUHFURVV
WDUJHWKROGHUDQGWKH:6V\VWHP(PLWWDQFH
LQHG LQ WKH WHVWV ZLWK DERXW  PHDVX
XUH  )URP DXWXPQ  XQWLO 0DUFK 
 EHDP RSHUDWLRQV IRU HPLWWDQFHPHDVXUHP
 VKRZV WKHP275 V\VWHP EHLQJ XVHG IRU
WUHQJWK LQ IRXU XSVWUHDP VNHZTXDGUXSROH
DFKRQHWKDWPLQLPLVHVWKHPHDVXUHGHPLWWDQ
ZHUHPDGH DQG FRPSDUHGZLWK WKHPHDVX





PLQDO 0HDVXUHG 1RPLQDO 0HDV
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6LPXODWLRQ VWXGLHV ZHUH SHUIRUPHG WR XQGHUVWDQG WKH OLPLWDWLRQV RI WKH
HPLWWDQFH UHFRQVWUXFWLRQDOJRULWKP WKDW LV VRPHWLPHVREVHUYHG WRJLYH LPDJLQDU\
YDOXHVIRUWKHFDOFXODWHGHPLWWDQFH7KHIUDFWLRQRIQRQUHDOHPLWWDQFHYDOXHVZDV
FDOFXODWHG DV D IXQFWLRQRI LQSXW DFFXUDF\RI WKHEHDPVL]HPHDVXUHPHQWV DW WKH
275ORFDWLRQVDQGWKHGHJUHHRIFRXSOLQJSXWLQWRWKHVLPXODWHGEHDP
)LJXUHDVKRZVDFRPSDULVRQEHWZHHQWKHFDOFXODWHGHPLWWDQFHYDOXHDQGWKH
LQSXW HPLWWDQFH 7KH EOXH VROLG OLQH VKRZV WKH PHDQ YDOXH RI  HPLWWDQFH
FDOFXODWLRQVWKHGDVKHGOLQHVVKRZWKHRQHVLJPDYDOXHV7KHJUHHQOLQHVKRZV
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WKHLQSXWEHDPHPLWWDQFH:LWKDUHODWLYHEHDPVL]HPHDVXUHPHQWHUURUEHORZ
WKHUH LV D V\VWHPDWLF RYHUHVWLPDWLRQ RI WKH HPLWWDQFH DW WKH OHYHO RI DERXW 
7DNLQJ DV DQ H[DPSOH D  HUURU LQ WKH EHDP VL]H PHDVXUHPHQW )LJXUH  E
VKRZVDKLVWRJUDPGLVSOD\LQJWKHVLPXODWHGUHFRQVWUXFWHGYDOXHV7KHEOXHOLQHLV
WKH PHDQ PHDVXUHG HPLWWDQFH DQG WKH JUHHQ RQH LV WKH LQSXW 7KH V\VWHPDWLF
UHODWLYH HUURU RQ WKH HPLWWDQFH UHFRQVWUXFWLRQ LQ WKLV FDVH LV  )RU WKH 
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